UNCLASSIFIED 

,.  4  6  3  1  3  7 


DEFENSE  DOCUMENTATION  CENTER 

FOR 

SCIENTIFIC  AND  TECHNICAL  INFORMATION 

CAMERON  STATION  ALEXANDRIA.  VIRGINIA 


UNCLASSIFIED 


DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  BEST  QUALITY 
PRACTICABLE,  THE  COPY  FURNISHED 
TO  DTIC  CONTAINED  A  SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


NOTICE:  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  Incurs  no  responsibility,  nor  any 
obligation  idiatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  Implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  ri^ts 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 


Ot) 


CD 

O 

UJ 


r“ 


CD 

O 

_ I 

«=c 


c: 


•C  O'' 

CD  c.- 


ATD  Report  T-65-28  17  May  1965 

Translations  of  Soviet-Bloc  Scientific  and  Technical  Literature 


4  6  3  1  3  1 


INVESTIGATION  OF  THE  SURFACE 
STRUCTURE  OF  BURNING  MODEL 
MIXTURES  OF  SOLID  FUELS 


Translation 


GC'PY  Wat  'NOT  PSMvUI 
FmS^Ec-iDLE  i^E't'rio:;.;;GT!ON. 

WILL  BL  BiADE  IP, 

j^quested  by.  users  OE  DDC, 

DDC 

1C2J7^ 

may  241965 

fib  Hall 'UnStii 

ddcira  e 

Aerospace  Technology  Division 
Library  of  Congress 


ATD  Report  T-65-28 


17  May  1965 


Translations  of  Soviet-Bloc  Scientific  and  Technical  Literature 


INVESTIGATION  OF  THE  SURFACE  STRUCTURE  CP  BURNING  MOlEL 
MIXTURES  CP  SOLID  FUEJIiS 

Translation 


The  publication  of  this  report  does  not  constitute 
approval  by  wy  U*  S«  Government  organization  of 
the  inferences,  findings,  and  conclusions  contained 
hezein.  It  is  published  solely  for  the  exchange 
and  stimulation  of  ideas. 


Aerospace  Technology  Division 
Library  of  Congress 


FOREWORD 


This  translation  v&s  prepared  in  response  to  ATD  Work  Assignaent 
No.  70.  The  article  vas  originally  puhlished  as  foUowB: 

FdkMl,  F.  ¥•,  and  L.  D.  Rooodenova.  Issledcnranlye  stmktury 
poverkWjstl  gorenlya  model 'nykh  smesevykh  trerdykh  topliv. 
Zhumal  fizlcheskoy  khiaii,  v.  39,  no.  2,  19^5,  2^k^299» 
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INVESIIGAT.TOJJ  OF  T3ffl  SUOTACTC  CTHUCTIIITE  OF  HrnWING  MOKEI, 
MnCTURES  UF  GOLID  li^JELS 


To  miderstand  the  harnliig  mochanlsn!  o<'  ^-.ojaxofiite  solid  propellants, 
we  investigated  the  stixicture  formed  during  '.he  hurniag  of  stoiohiometric 
model  mixtures  con'bainlng,  the  follatr'.ng  co.  'Jants:  saamonium  perchl.crate, 
which  does  not  melt,  hut  is  Eelf~laflaiiffliahle  at  360”“380°Cj  potassium 
perclolorate,  which  melts  with  decomposition  at  6lO°Cj  and  sodium  perchlo¬ 
rate,  ■which  melts  at  kd2°C  and  decomposes  at  505°C. 

The  folloW3.ng  fuels  haring  different  p)ij.aJ.ucheiaicel  properties  were 
selected;  graphite,  which  does  not  meJ.t  ejid  rlxies  not  decompose;  txuagsten., 
which  melts  at  ~S200°C;  naphthalene,  which  melts  and  axihlimates  at  80°C; 
s'tarch,  which  melts  and  decomposes  at  260“C;  succinic  and  malonic  acids 
(succinic  acid  melts  at  l8s°C  and  decoitrooses  at  235 °C:  imlonic  acid  melts 
at  135.61;). 

ExperJjaental  Part 

The  investigation  of  the  structure  of  the  siu'face  formed  during  the 
huming  of  these  mixtures  was  carried  out  ■\'ith  the  ad.d  of  a  microscope 
(magnification,  1O--80  times).  Surfaces  formed  hy  tmuning  the  mixtures 
in  vacuum,  in  air,  and  under  pi'essures  were  investigated.  The  mixtures 
were  pressure-molded  to  a  maximum  density;  the  diameter  of  the  charge 
was  5  n*a. 

None  of  the  compositions  studied,  except  the  composition  IffilO ^-i- tungsten, 
burned  steadily  in  vacuum  (pressure  p-lO”^  m  Hg)  and  at  room  teaqjerature; 
combustion  ceases  after  the  hot  spiral  is  removed. 

At  atmospheric  pressure  the  mixtirres  were  exblnguished  with  com¬ 
pressed  air.  The  mixtures  Immiug  under  pressure  were  extinguished  by  a 
rapid  pressure  drop  in  the  bomb.  The  experimentj^  in  vaexaum  and  under 
pressure,  were  carried  out  according  to  a  method  described  previously  [1,  2). 

Mixtures  with  HH^ClOti  as  the  oxidant.  Irn'estigatioa  of  the  stixicture 
of  the  surface  forme'd  3.urlng  tSeT’buralng  of  stoichicatietrlc  model  alxtui'es 
•with  NHjjClQj  as  the  oxidant  (ha'Ving  a  particle  size  from  'to  S^Qa)  and 
maloaic  and  succinic  acids  and  stai-ch  as  the  combustibles,  showed  that  in 
a  vacuum  (p~10~^rnm  Hg)  under  the  action  of  an  hot  spiral,  while  the 
oxidant  crystals  remain  on  the  suiface  and  thSi-efore  protrude  over  the 
surface.  The  depressions  between  the  protruding  oxidant  erystals  con'tain 
the  fuel,  as  is  shown  In  Fig.  la.  In  addition  to  sepaxute  crystals,  ei*yatal 
aggregates  -0.4  mm  in  sl  -.e  -.fcre  oDser^i'ed  on  the  surface. 

The  larger  the  crystals  the  more  they  protrude  over  the  burning  sur¬ 
face.  The  protruding  crystals  are  partially  covered  with  canbustlon  pro¬ 
ducts  (e.g.,  carbonized  stai*ch  por'bicleB), 

A  similar  picture  -was  observed  diu'lng  bmuilng  in  air.  As  the  pressure 
increases,  the  oxidant  crystals  whic.h  are  jprotruding  over  the  surface 
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decrease  in  size,  and  at  a  pressure  exceeding  p-30  atm  abs*,  depressions 
are  formed  on  the  places  where  the  crystals  were  located,  as  shown  in 
Fig.  la. 


The  phenomenon  is  explained  as  follows.  It  is  loicnm.  iYom  previous 
studies  [3]  that  the  pressure  below  which  aarac»d.u3a  p?5i>ehlor®te  does  not  bum 
steadily  at  room  temperature  is  equal  to  20“”’ 30  ata  abs.  Tlaerefore, 
during  the  burning  of  mixtures  at  low  pressures,  when  amDionim  perchlo¬ 
rates  itself  does  not  bum  and  its  decomposition  temperature  is  hi^er 
than  that  of  the  fuel,  the  crystals  of  NH^CIO^  are  observed  on  the  surface. 


Fuel-malonio  ^id  ;^el- starch  Qxidsyit 
^  i-Qxidant  \pxidant  ^ 


|W<M, 


P  3Q  abm  abs 


P  30  a-bm  abs 
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■ 
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Fig.  1.  Oxidant  HH,  CIO, 
4  4 


At  pressure  higher 
thaii  the  limiting  value, 
when  ammonitua  perchlorate 
itself  is  capable  of  steady 
combustion  (without  tb.e 
binder),  it  disappears 
feus  ter  than  the  binder,  and 
craters  therefore  appear  on 
the  surface  (in  place  of  the 
NH4C1Q»  )  crystals . 

On  the  extinguished 
surf  esse  of  the  NH4C104+naph- 
thalene  mixtures,  as  shown 
in  Fig.  le,  the  oxidant  is 
aeexiaail  ated  on  the  surface. 
Bie  accumulation  of  the  oxi¬ 
dant  on  the  surface  due  to 


the  big  difference  in  the  melting  and  sublimation  tmperaturea  of  naph¬ 
thalene  and  the  temperature  of  the  thermal  decooposltion  of  HI,  CIO4 . 
Therefore,  during  the  burning  of  the  mlxturre,  when  the  surface  tempera¬ 
ture  is  “k^CPC,  naphthalene  disappears  from  the  surface  layer  faster  than 
the  oxidant. 


It  is  significant  that  on  the  surface  and  in  the  tmrface  layer, 
between  the  IIH4C104  crystals,  ptroducts  of  various  degree  of  decou^sition 
of  naphthalene  were  observed,  which  probably  are  formed  as  a  i*eBult  of  the 
reaction  of  the  gaseous  decomposition  products  of  the  oxidant  with  the 
liquid  phauie  of  the  fuel,  i.e.,  with  naphthalene. 

The  study  of  the  burning  of  alrtures  of  ajaaonitm  perchlorate  with 
tungsten  showed  that  this  mixture  ignites  and  bums  steadily  wh^  ignited 
with  an  incandescent  spiral  at  room  tenperature  in  the  pressure  region  of 
p^5  atm  abs.  On  the  surface  of  the  extinguished  specliaen,  as  shown  in 
Fig.  lb,  are  accumulated  tungsten  and  products  of  its  oaddatlon.  Tbit 
M4C1(1  —graphite  mixtures  does  not  b\mi  steadily  in  the  pressure  range 
studied,  up  to  100  atm  abs.  Visual  observation  of  the  surface  after  the 
apiE^lcatlon  of  the  incandescent  spiral  showed  accumulation  of  graphite 
on  the  surface  (Fig.  lb). 
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For  mixtures  of  aamonium  perctilorate  -with  the  fuels  stadled«»»malonlc 
8U3d  succinic  acids,  naphthalene,  starch,  graphite,  euad  tungsten-limiting 
pressures  (helow  which  the  mixture  does  not  hum  steadily  and  ceases  to 
hum)  were  determined  as  a  function  of  the  particle  size  of  the  oxidant. 
Ajnmonium  perchlorate  had  a  particle  size  of  40— 50^  and  200— 300^  (table). 

From  the  results  given  in  the  table,  it  is  evident  that  the  limiting 
pressure  for  mixtures  with  a  melting  fuel  of  the  type  of  malonic  and  succinic 
eusida  increases  with  decreasing  particles  size  of  the  oxidant. 

This  phenomenon  is  probably  due  to  the  fact  that  fine  particles  are 
easily  covered  with  a  film  of  the  molten  fuel  ’which  protects  and  hinders 
the  heating  of  the  oxidant  to  the  temperature  of  vigorous  decomposition  as 
shown  schematically  in  the  Fig.  Id, 

Large  particles  of  NH4CIO4,  as  shown  in  Fig.  Id,  are  partially 
covered  with  a  film  of  the  fUel,  but  their  upper  part  is  free.  During 
the  burning  of  the  NH^CIQ, +naphthalene  mixture,  HBUClOi*  is  accumulated  on 
the  mixture  strrfaee  and  the  limiting  pressure  of  steady  burning  is  inde¬ 
pendent  of  the  pea-tide  size  of  the  oxidant. 

Starch,  as  is  known,  melts  only  sli^tly  dien  heated  to  decooqposition 
temperature,  and  the  limiting  pressure  of  the  steady  burning  of  the  IJH4CIO4 
+starch  mixture  is  therefore  independent  of  the  size  of  the  oxidant  particles. 

The  limiting  pressure  of  steady  burning  is  also  independent  of  the 
size  of  the  oxidant  partides  in  mixtures  of  aamoniuni  perchlorate  with 
tungsten  aud  graphite. 

Mlxtums  with  KElOi,  and  NaClOi,  as  oxidimts.  In  burning  of  mixtures 
containing  KbiOA  or  iifafclOA  as  oxidants,  the  f‘ornatlon  of  a  mdten  layer 
on  the  charge  surface  was  observed  in  all  cases,  Hie  reaction  between  the 
oxidant  and  the  fud  originates  either  in  the  liquid  layer  or  on  its  surface. 

In  vacuum  (pdO-^mm  Hg)  at  room  teo^erature,  the  KClOi+tungsten 
mixture  bums  steadily  with  a  vdocity  of  “0.22  cm/sec. 

We  were  not  able  to  extinguish  this  mixture  either  in  vacuum  or  at 
high  pressures.  NaClOi,  was  tised  as  an  oxidant  to  study  surfaces  foriKd 
during  the  burning.  Mixtures  with  this  oxidant  bum  less  inteaislTely  cxd 
are  extinguished  at  pressure  atm  abs,  but  these  oxidants  have  similar 
properties. 

During  the  burning  of  this  mixture,  a  ladt  of  HaClO^^  and  NaCl,  a  de- 
cooqjositlon  product  of  the  former,  is  formed.  Tungsten  and  products  of 
its  oxidation  sure  located  on  the  surface  of  the  adt,  i.e.,  heat-resistant 
fud  is  accianulated  on  the  mdt  surface  (owing  to  a  big  difference  between 
the  decoo^sitlon  temperatures  of  the  fud  and  the  oxidant). 

Under  the  action  of  an  incandescent  spiral,  on  the  surfaces  of  the 
KClO^+graphlte  and  NaC10i,-fgraphlte  mixtures,  aecxumilatlon  of  graphite  was 
also  observed,  as  Is  schematically  shown  in  Fig.  2b. 
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Mixtures  of  IQOlOj,  with  graphite  and  NaClO;,  -vrith  graphite  do  not  hum 
steadily  in  the  precsure  range  s  tudied,  up  to  100  atm  ahs.  Ihe  mixtures 
of  KDlO^+naphthalene  and  Ka0104+naphthkLene  do  not  hum  at  p"10  2  ram  Hg. 
They  hum  steadily  in  air  and  at  elevated  pressures » 

On  the  h\iming  surface,  which  consists  of  molten  KDIO4  and  KDl  or 
NaC104  and  NaCl,  dark-hrown  naphthalene  decomposition  products  are  lo¬ 
cated. 


Molten  naphthalene  is  located  under  the  molten  KCIG4  layer,  and  a 
dark-hrown  layer  of  naphthalene  decomposition  products  is  located  at  the 
interface  of  the  two  molten  layers.  A  similar  picture  was  observed  on  the 
huming  surface  of  mixtures  of  KCIQ4  and  NaGlQ,  with  succinic  acid  and 
starch,  as  is  shown  schematically  in.  Fig.  2a.  With  all  mixtures  with 
melting  (KCIO4)  and  nonmelting  (KH4CIO4)  oxl.dants  and  a  melting  fuel,  fine 
huhbles  were  observed  in  the  surface  layer  of  the  melt  which  axe  formed 
from  the  gaseou^  products  of  the  oxidant  and  the  fuel  and  the  liquid-phase 
oxidation  of  the  fuel  as  a  result  of  the  reactions  occurring  in  the  con¬ 
densed  phase. 


Fuel  decomposition  products 

\Melt  KCIO4  +KC1  or  KaC104+  NaCl 
a  Molten  fuel:  malonic  acid, 

succinic  acids,  naphthalene, 
starch 


Fuel:  tungsten,  gi*aphite,  and  pi’o- 
ducts  of  its  decomposition. 
h,*“*-':^elt  KCIO4  +KC1  or  HajC104+  NaCl 


Fig.  .2.  Oxidants  KCIO^  and  NaClC^ 


In  the  surface  layer  of  the 
melt  reactions  are  possible 'not 
only  between  the  gaseous  decom¬ 
position  products  of  the  oxidant 
and  the  gaseous  decomposition 
products  of  the  fuel,  but  also 
between  the  gaseous  products  of 
the  oxidant  and  the  molten  fuel 
in  the  reaction  layer  of  the  con¬ 
densed  phase,  l.e.,  a  liquid- 
phase  oxidation  take  place. 


When  the  mixture  consists  of  a  melting  oxidant  and  nonmelting  fuel 
or  a  nonmelting  oxidant  and  nonmelting  fuel,  the  reaction  between  the  oxi¬ 
dant  decouposltion  products  and  the  fuel  occurs  on  the  surface  of  the  con¬ 
densed  phase  of  the  fuel. 

In  [4]  it  is  shown  that  the  mechanism  of  burning  of  NH4CIO4  is 
similar  to  the  mechanism  of  burning  of  powders  and  mixed  solid  fuels  [1,  2] 
While  95%  of  the  heat  needed  for  heating  the  NHi,C10(,  charge  comes  from  the 
heat  generated  in  the  reaction  layer  of  the  coa^nsed  phase,  5%  cooes  from 
the  heat  generated  in  the  gaseous  'burning  Koae  of  the  mixture. 

Mixtures  containing  KCIO4  and  NaC104  as  oxidants  "bum  snore  latensiTely 
than  mixtures  containing  NH4CIQ,  .  This  difference  is  due  to  the  tenperature 
■being  higher  (equal~600~T0(f  C)  on  the  ssxrface  of  mixtures  containing  BGiq^ 
and  NaC104  than  on  the  surfeice  of  the  mixtures  with  NH^ClOj^,  where  it  is  equal 
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to  ~500°G,  and  In  addition  to  that^  the  sodium  and  potassium  chlorides  which 
eo?®  formed  diiring  the  decomposition  of  KCIO4  and  HajClOi*  act  catalysts  of 
the  burning  process  [5]. 

fhus,  it  is  evident  from  the  results  obtained  that  the  initial  stage 
of  the  burning  of  various  mixtures  of  solid  fuels  occurs  in  the  reaction 
layer  of  the  condensed  phase  and  is  con^eted  with  the  formtion  of  the 
smoke  phase. 


COMCLUBIOHS 


1.  In  the  pressure  region  of  p<30  atm  abSj  oxidant  cr^tals  appear 
on  the  surface  of  burning  mixtures  containing  the  nonmelting  oxidant 
I'lH^ClOi,  and  fuels  melting  or  decomposing  at  temperatui'es  close  to  the 
codLdant  decomposition  temperature.  Uie  larger  the  oxidant  crystals ^  the 
more  visible  do  they  become  on  the  surface.  At  pressures  of  P5r30  s.iM  abs, 
the  picture  is  the  convei'se^  i.e.,  craters  are  formed  on  places  where  the 
araaonium  perchlorate  crystals  wre  located. 

2.  Heat-resistant  lUels  (graphite,  tungsten)  are  accmmulatad  on  the 
sxirface  of  the  mixtures  during  the  burning  process.  When  the  decomposition 
ten^rature  of  UH^ClOi,  is  hi,gher  than  the  sublimation  or  decouqjoslticaa 
temperature  of  the  fuel,  e.g»,  naphthalene,  the  oxidant  is  accunulated  on 
the  svirface. 

3.  In  the  surface  layer  of  the  melting  oxidants  or  melting  fuels* 
bubbles  were  observed  which  are  formed  from  the  geuseous  decoo^josltion  pro¬ 
ducts  of  the  oxidant  and  the  fuel  and  by  liquid-phase  oxidation  of  the  fuel. 

k.  For  mixtures  containing  th.e  nonrojeiting  ammonlua  perchlorate, 
the  pressure  below  which  the  mixture  does  not  bum  steadily  (ceanes  to  bum) 
depjends  on  the  size  of  the  oxidant  particles  aM  the  physical  properties 
of  the  fuel. 

5.  The  mixture  KClOi*  ^tungsten  burned  steadily  in  a  vacuum  of  p-lO'  ^ 
cm  Hg  at  tj5‘’C.  The  mixture  HH4C10^ +tungaten  burned  s  teadily  at  room  tem¬ 
perature  and  pressure  In  the  region  of  p?5  abs.  The  mixtures  KC10»  + 
graphite  and  NH^ClO^+graphlte  do  not  bum  steadily  in  tlie  range  of  pressures 
studied  up  to  100  atm  abs. 

6.  The  initial  stage  of  burning  of  Taistures  of  solid  propellants 
occurs  in  the  reaction  layer  of  the  melt  of  the  condensed  phase  or  on  the 
surface  of  heat-resistant  fuels  (graphite,  tungsten)  with  an  overall 
positive  thermal  effect  and  is  completed  by  the  formation  of  a  fuel-siaolte 
mixture  which  bums  in  the  zone  above  the  mixture  surface  to  form  the  final 
combustion  products. 
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